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satisfactorily reinforce are so thick that it is difficult to achieve ful cure. Therefore, it wil be 
recognised that techniques for reinforcing hollow structures which do not cause a substantial 
weight and cost or curing problems have the potential to provide significant advantages. 

5 It is therefore an object of the present invention to provide a structural reinforcement which 
utilises structural foam in a manner which conserves resin. 

It is a further object of the invention to provide such a reinforcement which can be fully cured in 
a short time. 

10 

It is stil a further object to provide a low-cost, lightweight structural reinforcement which provides 
significant strength and stiffness to the reinforced region. 

It is still a further object to provide localised structural reinforcement in a manner that dissipates 
IS impact energy causing any, at least, initial deformation, at a selected location. 

It is still a further object to provide a structural reinforcement which can be transported easily to 
the site of installation. 

20 Yet a further object is to provide a structural member reinforced by a core bonded to the 
structural member by structural foam as previously described wherein channels are provided 
between the core and the structural member to allow the flow of moisture. 

SUMMARY OF THE INVENTION 

25 

An object of the present invention is to redirect applied loads and manage impact energy by 
placing a reinforcement system In targeted areas of an automotive rail or frame member. The 
system generaly employs at least one member or Insert, which is attached or adhered to the 
chosen portion of the vehicle such as a frame or rail or any other portion of an automotive 

30 vehicle selected to inhibit deformation in the event of impact to the vehicle. At least one of the 
member or plurality of members are suitable for receiving an application of an expandable 
material coated over at least a portion of an exterior surface of the member. The expandable 
malarial disposed on the member is capable of activation and expansion when exposed to heat 
typically encountered in an automotive paint operation, such as e-coat and other paint cycles in 

35 a vehicle assembly plant it is contemplated that the expandable material disclosed in the 
present invention, activates, expands, and adheres thereby structurally reinforcing and 
enhancing the strength and stiffness of the frame or front rail to redirect applied loads and 
energy. In one embodiment, the material is heat expandable and at least partially fills a cavity 
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defined by the rail, frame, or selected portion of the vehicle by structurally adhering the rail and 
the frame depending upon the size and shape of the cavity, during the e-coat bake operation. 

In another embodiment, the expandable material is a melt flowable material, which upon the 
5 application of heat will spread over a surface. The selected expandable material may also 
provide a variety of characteristics including structural reinforcement, stress-strain reduction, 
vbratlonal damping, noise reduction, or any combination thereof. 

In a preferred embodiment the present invention therefore provides a structural reinforcing 
10 member to provide local reinforcement comprising a core to which is attached one or more 
pieces of structural foam the reinforcing member being provided with means for attachment to 
the member to be reinforced wherein the means for attachment is such that, prior to foaming, a 
channel is provided between the core, the structural foam and the internal surface of the 
member to be reinforced and that the foaming process enables the structural foam to expand 
15 and bond the core to the Internal surface of the member to be reinforced. 

In a preferred embodiment the structural foam is attached to the core as several strips or spots. 
In a further preferred embodiment the structural foam is provided in an amount that a rigid bond 
Is formed between the core and the internal surface of the structure to be reinforced and air 
20 channels remain between the core and the internal surface for the flow of moisture which may 
be present due to condensation. We prefer that the structural foam cover from 20% to 45% of 
the surface of the core. 

The present invention further serves to manage crash energy typically encountered during 
25 frontal or rear impact testing of an automotive vehicle. More specifically, the member or insert of 
the present invention may be positioned such that it directs the energy of impact and 
furthermore in a preferred embodiment, may contain at least one and preferably a plurality of 
triggers consisting of notches, holes, or any other form of step change or alteration to the 
geometry of the member such as alterations to the geometry of an inner portion or portions of 
30 the member. The position of the reinforcing member within the automobSe frame may be such 
that the reinforcement of one region deflects the energy on impact to another second region 
such that deformation takes place at the second regbn. Similarly where internal triggers are 
provided they can effectively target and direct axial bending to selected portions of the system 
and allow management of crash energy typically encountered during front offset testing. 

This is particularly useful in the reinforcement of vehicle rails which are typically curved so that 
greater reinforcement of one part of the curved structure can transfer energy to a part of the 
structure that is less reinforced so causing at least initial deformation at the least reinforced 
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area. This can be used to control rear or frontal deformation on impact ensuring less 
deformation at, for instance, door sills. The variation in degree of reinforcement can be 
accomplshed by varying the strength and thickness of the reinforcing material, such as the 
gauge and type of materials, such as steel, used, providing foam reinforcement around a core 
5 member in some parts and not in others, or by the deliberate provision of reinforcement in one 
region coupled with non reinforcement at another region. This has been found to be particularly 
useful when reinforcing the S shaped section of the front or rear rail of a vehicle where greater 
reinforcement in one, generaly the lower bend of the S, can be used to ensure that controlled 
deformation takes place at the other bend of the S where there is less or in some instances no 
10 reinforcement 

The expandable material disposed over at least a portion of the member which can be extruded, 
molded, or "misapplication" bonded onto the member in either a pre-production setting, such 
as a stamping facility, or during the final assembly operation. The member, and the selected 

IS bonding or expandable material, is installed in the selected frame or rail prior to the e-coat or 
paint operation processing. Hence, the present invention provides flexibility in the 
manufacturing process since it can be utilized by either the frame or vehicle component (front 
rail) manufacturer/supplier or the final vehicle manufacturer with reduced labor, capital expense, 
maintenance requirements, and floor space demand. Once the expandable material bonds and 

20 cures to the selected ral or frame portion of the vehicle, distortion of the frame or rafl, such as 
front or rear rail, may be inhibited or managed during a frontal/offset impact event or any other 
application of impact energy to the exterior of the vehicle. By absorbing and/or transferring 
certain impact energy and providing reinforcement to the frame or rail portion of the vehicle, the 
present invention provides a system for managing deformation to the vehicle in the event of a 

25 frontal, offset or rear impact 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and inventive aspects of the present invention will become more apparent upon 
30 reading the folowing detailed description, claims and drawings, of which the following is a brief 
description: 

Figure 1 is an isometric view of a partially exploded automotive frame rail showing the energy 
management enhancement system in accordance with the teachings of the present invention. 

35 

Figure 1 (a) is an exposed view of a portion of a reinforcement system typically found in the prior 
art depicting the three crush zones typically associated with frontal energy management 
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structures In the automotive Industry and further depleting the use of external triggers disposed 
on the exterior portion of a member known In the art. 

* 

Figure 2 la an exposed view of a portion of the present invention depicted in an automotive 
5 space frame architecture or body-in-white design showing the position of the at least one 
member with the expandable material in the uncured state attached to a rai of an automotive 
vehicle. 

Figure 3 is a portion of the system illustrated in Figure 1 . showing an alternative embodiment of 
10 the at least one member of the present invention with the expandable material in the uncured 
state prior to attachment to the frame or rafl of an automotive vehicle and further showing an 
attachment means of the present invention in the form of a clip assembly. 

Figure 4 is a portion of the system described in Figure 1 , showing an alternative embodiment of 
15 the at least one member of the present Invention with the expandable material in the uncured 
state prior to attachment to the frame or raJ of an automotive vehicle. 

Figure 5 is a portion of the system described in Figure 1, showing an alternative embodiment of 
the at least one member of the present invention with the expandable material in the uncured 
20 state prior to attachment to the frame or rail of an automotive vehicle. 

Figure 6 Is a portion of the system described in Figure 1, showing en alternative embodiment of 
the at least one member of the present invention with the expandable material in the uncured 
state prior to attachment to the frame or rail of an automotive vehicle. 

25 

Figure 7 Is an exploded perspective view, showing an alternative embodiment of the system 
disposed within a closed form wherein the plurality of members are inter-locking and retained by 
a third member also incorporating a self-locking mechanism and a trigger of the present 
invention is depicted as a hole extending through the Interior portion of the member. 

30 

Figure 8 shows the reinforcing member of Figure 7. 

Figure 9 is an exploded perspective view of the automotive rail reinforcement system of the 
present invention prior to the impact of energy typically encountered in frontal impact testing of 
35 an automotive vehicle. 
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A 

Figure 10 is an exploded perspective view of the automotive rail reinforcement system of the 
present invention after the impact of energy typically encountered in frontal impact testing of an 
automotive vehicle and the effect of axial bending to the system of the present inventioa 

5 The invention is further ilustrated by reference to the accompanying Figure. 11 and 12 in which 
Figure 1 1 shows a reinforcing member according to the present invention and Figure 12 shows 
the reinforcing member positioned inside the lower half of the front longitudinal section of an 
automobile. ~ s 

10 Figure 13 is a schematic illustration of a vehicle front rafl reinforced according to one 
embodiment of the present invention. 

Figure 14 is a schematic Mustration showing localised deformation of the system illustrated in 
Figure 13. 



15 



20 



25 



30 



35 



DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to method, and system, for managing energy and reducing Impact 
deformation characteristic, of automotive vehicle, particularly to reduce deformation in the 
event of a frontal/offset impact event to the vehicle. More particular*, the present Invents 
relates to a system for reinforcing, directing impact energy, and tuning the management of said 
.mpact energy to portion, of an automotive vehicle, such as a frame or raj, which effectuate, 
the reduction and inhibtfon of physical deformation or structural movement to the occupant 
compartment in the event of an impact to the exterior of the vehicle from another object The 
system absorbs, dissfcates and/or transfers the impact energy to reduce and inhfcit the resorting 
deformation to the automotive vehicle. A reduction in impact deformation to the vehicle may 
serve to reduce occupant injury, allow continued passenger ingress and egress to the vehicle 
after an impact event, and reduce repair time and costs. 

The automotive industry generally utilize, two primary mode, for frontal impact testing of 
vehicles: full and offset Full frontal impact testing is utilized for boo, United States federal 
compliance and assessment testing. While these test, are typically performed at different 
speed, (i... 30 mph for compliance and 36 mph for assessment), they both refcte to impact of a 
barrier utilizing the full width of the front end structure of the tested vehicle. The primary goal of 
these tests is to asses, occupant response, (femur load., head injury criteria, chest 
deceleration, etc.) and validate the vehicle restraint systems (seatbelts, airbags etc) The 
offset impact test is performed at 40 mph with typically only 40% of the front end of the 'tested 
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vehicle impacting the barrier. One of the primary goals of the offset impact test is to assess the 
structural integrity of the vehicle structure itself. 

Design for frontal crash energy management is a muWdlsdplinafy process. Crash energy 
5 management is typfcaly performed through a combination of the vehicle structure and restraint 
systems. Many automotive manufacturers seek vehicle structures that can be designed to 
absorb energy. Structural efficiency, defined as the ability to optimize energy management as a 
vehicle structure deforms upon impact, depends upon the configuration of the design. For 
purposes of frontal impact testing, the severe crush loads created by the impact of energy 
10 managing structures tend to decelerate the occupant compartment The abittty of the energy 
managing structures to transfer manageable loads to an occupant compartment coupled with 
the ability of the restraint system(s) to effectively dissipate such loads, may help dictate how wel 
the occupant compartment responds to extreme loading, as well as how the compartment 
sustains minimal deformation and intrusion under certain conditions. For these reasons, the 
15 prior art focuses on at least two major considerations in the design of vehicle structures for 
crash energy management (1) the absorption of kinetic energy of the vehicle, and (2) the crash 
resistance or strength needed to sustain the crush process inherent to the testing process and 
maintain passenger compartment integrity. 

20 Traditional frontal energy management structures of automotive vehicles generally consist of 
three distinct crush zones. First, there will be a soft zone, typically the bumper area or other 
exterior fascia, followed by two stfffer zones. As defined and discussed herein, the two stiff er 
zones shall be referred to as primary and secondary. The primary crush zone is traditionally 
located immediately behind or adjacent to the soft crush zone, such as the bumper system of a 

25 vehicle, but in front of the powertraJn compartment of a vehicle. The secondary crush zone is 
typically defined as the region bridging or tying the primary crush zone to the occupant 
compartment of the vehicle. For framed vehicles, such as trucks and larger automobiles, the 
secondary crush zone typlcafy extends to the front body mount as shown in Figure 1a. For 
smaller vehicles, the frame can be integrated into the body-in-white design. This type of design 

30 is known in the art as space-frame architecture as shown in Figure 2. In the case of space- 
frame vehicle structures, the secondary crush zone extends rearward bridging or tying the 
primary crush zone to the vehicle firewall and toe-board areas of the occupant compartment 
Due to the proximity of the secondary crush zone to the occupant compartment of the vehicle, 
design requirements and energy management control techniques need to be utized to minimize 

35 potential intrusion into the occupant compartment 

Accordingly, a main goal of the crush zone technology known in the art, is to manage the 
maximum amount of energy without compromising the integrity of the occupant compartment. 
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Figures 1 and 2. When the triggers of the present invention are used they are sized and 
designed to ensure that axial collapse of the structure shown at Figures 1 and 2 can occur at 
sufficiently high loads in order to maximize the amount of energy managed by the structure or 
the amount of energy typically encountered in frontal impact testing. 

5 

Triggers currently found in the prior art have generally been modifications to the exterior portions 
of metal structural reinforcement members or inserts used to reinforce a chosen body portion or 
cavity of an automotive vehicle, such as a rail, pillar, cross-member, etc., as well as any other 
area Immediately adjacent to the occupant compartment of an automotive vehicle. These prior 
10 art triggers typically consist of holes or part contours to the exterior portion of the structural 
reinforcement member or insert. However, in a preferred embodiment, through modifications to 
the internal portion of a structural reinforcement member or Insert, the present invention 
provides at least one, and preferably a plurality of internal triggers for use in managing energy 
typically encountered by an automotive vehicle during frontal impact testing. When used, the 
IS internal triggers of the present invention effectively target and direct axial bending to selected 
portions of the structure and can comprise notches, holes, or any other form of step change or 
alteration to the geometry of an inner portion or portions of the structural reinforcement member 
or insert For example, the structural reinforcement member or insert of the present invention, 
serves a plurality of purposes and provides a method for managing impact energy. First, the 
member or insert acts as a stabilizer which reinforces the secondary crush zone thereby 
allowing the primary crush zone to maximize axial crush. Once the primary crush zone has 
achieved maximum ability to absorb Impact energy, the secondary crush zone of the structure of 
the present invention must be designed to absorb some additional energy as a means to reduce 
deformation to the occupant compartment of the vehicle. The structure of the present invention, 
utBizing a plurality of triggers such as notches or a cut-away section of the member or insert, * 
serves to Initiate bending of the structure based upon its existing geometry. 

In one embodiment of the present invention, at least one member 12 or insert is placed within, 
attached, affixed, or adhered to at least a portion of a frame or rail of an automotive vehicle 
wherein at least one member 12 includes an expandable or foamabie material 14 supported by, 
and disposed along portions of the member 12. The member 12 has an interior and an exterior 
portion and may be configured in any shape, design, or thickness corresponding to the 
dimensions of the selected frame or rail of the vehicle and may further comprise a plurality of 
triggers integrated within an interior portion of the member 12, which are designed and 
incorporated to specifically tune or target Impact energy for either absorption or redirection to 
other portions of the vehicle. The expandable material 14 extends along at least a portion of the 
length of the exterior portion of the member 12, and may fill at least a portion of a cavity or 
space defined within the frame or rail. 
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typically encountered in an e-coat or other automotive paint oven operation. As the expandable 
material is heated, it expands, cross-links, and structurally bonds to adjacent surfaces. An 
example of a preferred formulation is an epoxy-bssed material that may include polymer 
mcdlflcls such as an ethylene copolymer or terpolymer that is commercially available from L&L 
Products, Inc. of Romeo, Michigan, under the designations L-5204, L-5206, L-5207, L-5208, L- 
5209, L-5214, and L-5222. One advantage of the preferred structural foam materials over prior 
art materials is the preferred materials can be processed in several ways. Possible processing 
techniques for the preferred materials include injection molding, blow molding, thermoforming 
direct deposition of peDeozed materials, extrusion or extrusion with a mini-applicator extruder.' 
This enables the creation of part designs that exceed the design flexibility capability of most 
prior art materials. In essence, any foamable material that imparts structural reinforcement 
characteristics may be used in conjunction with the present invention. The choice of the 
expandable material used will be dictated by performance requirements and economics of the 
specific application and requirements. Generally speaking, these automotive vehicle 
applications may utilize technology and processes such as those disclosed in U.S. Patent Noa 
4,922,598, 4,978.562. 5,124,188, and 5.884,960 and commonly owned, co-pending U S 
Application Serial Noa. 09/923,138, and PCX Application Noa. and WO02/14109 filed 08 August 
2001. WO01/58741 filed 18 January 2001. WO01/68394 filed 01 March 2001, WO02/26550 hied 
26 September 2001. WO02/26551 filed 28 September 2001, WO02/26549 filed 26 September 
2001. and particularly. WO01/41950 filed 07 December 2000. all of which are expressly 
incorporated by reference. 

The structural foam may be applied to the surface of the core in any suitable manner and the 
preferred manner win depend upon the nature of the core material. For example if the core is of 
a plastic such as glass reinforced polyamkte and produced by injection moulding then the 
structural foam may be applied by two shot injection moulding or over moulding. 

Alternatively if the core le of metal produced, for example, by stamping, the structural foam may 
be applied by melt bonding or through use of an adhesive. In a further alternative irrespective of 
the nature of the core the structural foam may be mecnanically attached to the core. Examples 
of means of mechanical attachment include pins or grooves as described in United States 
Patent 6,31 1 .452. A preferred means of attachment is pushpins which may be pushed through 
holes formed in the core to receive the pins. In this preferred embodiment the need for special 
moulding and/or adhesion of the structural foam is avoided. 

The invention provides a way to reduce cost, improve stiffness, and increase the possibility of 
achieving full cure of the structural foam all through the use of a composite construction. The 
surface of the reinforcement member may be keyed to permit uncured resin to b. ^ 
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or using a prawn smith* uncured sttucturel (bam. Similar benefit. 
n»y b. achto»d « to. ^ „ ^ „, ^ pJ^L h^Zt 
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use of the Invention the Installation In a hollow . -pnora tor ma preferred 

tmulri l»te.n„ h. . k lT ^* be< ^ lra ^^*^tel V pcaitloi»4 Ttm 
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canies fuel pate, to the engine. The front longitudinal section of an automoble la heteafiv a 
^TZ «^ member Is one that fits £££££ 
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during a frontal ciash of Ins vehida i„ iu. ■. _., ^ ro 016 section 

sxtenl.il..— I" «. ombodlm.nl to. reinforcing mamber preferably 
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reinforcement in the two bends with a greater degree of reinforcement at the bend further from 
the front of the vehicle. This may be accomplished by the use of a single reinforcement member 
with different reinforcing ability at the two bends, this may be accomplished through the use of 
materials of different strengths and stiffnesses, the provision of less reinforcing foam or the 
5 absence of any reinforcement a the bend nearest the front of the vehicle. Alternatively it may be 
accomplished by reinforcing the first bend and not the second bend. 

The resin whether It be as strips or spots are normally expandable. That is, upon the application 
of heat they wil expand, typically by a foaming reaction, and preferably to at least 1 50% the 
10 volume of the unexpanded state, but more preferably twice. In a preferred embodiment, the 
resin used to form the resin strips or spots Is an e poxy-based material. 

Resin preferably forms about 5% to about 75% by weight and more preferably from about 15% 
to 65% by weight of the composition. Filler preferably forms from about 0% to about 70% by 

IS weight and more preferably from about 20% to about 50% by weight of the composition. 
Blowing agent preferably forms from about 0% to about 10% by weight and more preferably 
from about 02% to 5% by weight of the composition. Curing agent preferably forms from about 
0% to about 10% by weight and more preferably from about 0.5% to 5% by weight of the 
composition. Accelerator preferably forms from about 0% to about 10% by weight and more 

20 preferably from about 0.3% to 5% by weight of the composition. One preferred formulation is 
set forth in Table 1 below. 



Ingredient 


% by weight 


Epoxy Resin 


15% to 65% 


Ethylene Copolymer 


0%to20% 


Blowing Agent 


0.2% to 5% 


Curing Agent 


0.5% to 5% 


Accelerator 


0.3% to 5% 


Filler 


20% to 50% 



As stated, the heat expandable material is most preferably a heat-activated, substantially epoxy- 
25 based material. However, other suitable materials may also be used. These include polyolefin 
materials, copolymers, and terpolymers with at least one monomer type an alpha-oiefin, 
phenol/formaldehyde materials, phenoxy materials, pofyu re thane materials with a high glass 
transition and others. In general the desired characteristics of this heat expandable material will 
be high stiffness, high strength, high glass transition temperature, good corrosion resistance, 
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passage of such wires and pipes. 
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commercially available include polymer-based materials available from L&L Products, Inc. of 
Romeo, Michigan, under the designations as L-2018. L-2105. L-2100, L-7005, L-7101. L-7102. 
L-2411, L-2420. L-4141, etc. and may comprise either open or closed cell polymeric base 

■ 

material. 

5 

Further, it is contemplated that the expandable material of the present invention may comprise 
acoustical damping properties which, when activated through the application of heat, can also 
assist in the reduction of vibration and noise In the overall automotive frame, rail, and/or body of 
the vehicle. In this regard, the now reinforced and vibrattonaly damped frame or front rail will 
10 have increased stiffness which will reduce natural frequencies, that resonate through the 
automotive chassis thereby reducing transmission, blocking or absorbing noise through the use 
of the conjunctive acoustic product By increasing the stiffness and rigidity of the frame or front 
raH, the amplitude and frequency of the overall noise/vibration that occurs from the operation of 
the vehicle and Is transmitted through the vehicle can be reduced. 

15 

StiH further, it wil be appreciated that the carrier of the reinforcing member used in the present 
invention, as well as the material forming the geometric step-changes or triggers found In the 
carrier or member of the present Invention, may comprise a reactive or non-reactive material, 
which yields high compressive strength and moduli and may either form the carrier or member 

20 itself or be capable of fining or coating the carrier or member. Generally speaking, a desired 
material, which exhibits such higher compressive strength and moduli may be selected from the 
group consisting of a syntactic foam, syntactic-type foam, or low density fillers, such as spheres, 
hollow spheres, ceramic spheres, including peUetized and extruded formulations thereof. In 
addition, the carrier or member may comprise a concrete foam, syntactic foam, aluminum foam, 

25 aluminum foam pellets, or other metallic foam, as well as alloys thereof. An example of such 
materials include commonly assigned U.S. Provisional Patent Application Serial No. 60/398,41 1 
for "Composite Metal Foam Damping/Reinforcement Structure" fled July 25, 2002 and hereby 
incorporated by reference. Other materials suitable for use as the carrier or member in the 
present invention include potysuifone, aluminum and other metal foams, concrete, polyurethane, 

30 epoxy, nylon, phenolic resin, thermoplastic PET, SMC, carbon fillers including materials sold 
under the trade name KEVLAfl. In addition, it is also contemplated that the carrier or member of 
the present invention, or portions of the carrier or member of the present invention, may utilize 
or comprise a material sold under the trade name ISOTRUSS. as described and set forth in U.S. 
Patent Mo. 5,921,048 for a Three-Dimensional Iso-Truss Structure issued July 13, 1999, 

35 WO/0210535 for Iso-Truss Structure published by the World Intellectual Property Organization 
on February 7, 2002, and a pending U.S. provisional patent application before the U.S. Patent & 
Trademark Office entitled: Method And Apparatus For Fabricating Complex, Composite 
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As stated, the reinforcement parts of the present Invention are particularly useful for the purpose 
of structural reinforcement of a hollow vehicle cavity. When the vehicle is heated, the heat 
expand*, material (structural foam) expand, to contact the surf ace of the hollow cavity that It 
to intended to reinforce. It is not necessary thai the space between the member and the Inner 
surface of the hollow cavity or other surface being reinforced be fully fined with expanded heat 
expandable material for substantial reinforcement to occur. It is often preferred that the hollow 
cavity not be fully fffled to allow channels for the flow of moisture derived from condensation. 

A particular addWonal benefit of the present invention is that It permits large sections to be 
reinforced with full confidence that the structural foam material w* foDy cure. Because the 
materia, must be heated to cure, ft la important mat ful cure occur to obtain optimum properties. 

heat tmnsfer through the materia, can be difficult. Us. of a compos* reinforcing- member 
g^^Ber^bably^Ma,,^^ This posal^ bom because rt permits 

• JT „ U8,nB 1688 f0an,are,theri 9« enforcement provide, a heat 

transfer conduit to the inner surface of the heat-activated material. An addttiona! benefit la that a 
re^forcement wfth less weight and lower cost can be provided for certain design types A 

20 o^dea to tttZ ' ^ «* "» ^ ~« merlr 

20 provides to the heat expandable material. 

Con^lte^jnforclnfl structure may be constructed by dispensing heat activated expanded 
nmteriai onto the reinforcing member using an extruder, including an extruder that b articuteted 

e^dabt H P ZT ^ °" ^ Posi-cned sue* tr*t nxflen heat 
expandabto material to dispensed hto the reinforcement member. Upon cooing, the heat 

*TT, """^ «* wttf. being tn^sported. Up^sufflctont 

reheaflng (a temperature neceeaariy higher man the temperature uaed to shape the heat 
expandable material), the heat expandable material win be activated such that It will expand and 
cure injhe hollow vehicle cavity and thereby provide the desired reinforcement A particularly 

TT "** ^ dhPen8,ng ***** ° nt0 a reinfwdn a «*•' i- to use a robot articulated 
axtruder to press the molten heat expandable material into the sections. An additional method 
» «o fcsert infection mould this material onto the reinforcing structure. Another way of 

~* ™™« reinforcement to to separately extrude the heat expandable material into 
a shape that mimics **sectk^ 

35 materia/ into the keyed section of a keyed reinforcing member. A further ad<*ionaJ way of 
mawng ^^mposite construction to to pres. molten of deformabte heat expandable materia, 
into the keyed section of the reinforcing member. 
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Alternatively the foamabte material may be fastened to the reinforcing member by for 
pins. 



example, 



15 



20 



25 



30 



35 



"The present Invention is graphically represented In Figure 1 and include, of an automotive 
5 frame or ral energy management enhancement system 10 formed in accordance with the 
teachings of the present invention. The system 10 imparts an increased capability redirect 
applied loads and Impact energise to a preferred portion of an automotive vehicle and thus 
may be used in a variety of applications and areas of an automotive or other moving vehicle' 

in ~ ''TT' en8r9y manaQement enhancement system 10 may be used to inhibit 
1Q deformation and distortion to targeted portion, of an automotive vehicle, including the frame 
ral, door, or other structural members used in vehicles, in the event of an impact to the exterior' 
ofthe vehicle by an outside body. The system 10 servee to target, tune, or manage energy for 
abeorptfon and/or transfer to other portions of the vehicle. As shown In Figure. 1 and 2 the 
present Invention comprises at least one member 12 having an interior portion and an exterior 
portion composed of an Injection molded carrier provided with a suitable amount of an 
expandabte materia. 14 molded on it. sides which csn be ptaced, geometrically constrained, 
attached, or adhered to at .east a portion of an automotive structural rail or frame 16 through an 
attachment mean. 18 (not shown) used to place the member 12 within the rail or frame 16 The 

TTH 7"" 18 ^ ° f 8 M "- ,nteriocW "9 assembly, gmvfty/geometrfcalry 
constrained Placement, adhesive, a molded In metal fastener assembly such as a dip, push pine 
or .naps, Integrated molded fasteners such as a dp, push pins, or snaps as well a. a snap-fit 
assembly which Is we,. Known In the art As shown In Figures 3 and 4. the attachment mean. 
18 may constat of a cDp. The automotive frame or rail tfl .mparts structural integrity to the 
vehtete and may serve as the carrier of certain body panel, of the automotive vehicle which may 
be viewable, and capable of receiving impact energy, from the exterior of the vehicle By ' 
attaching toe member 12 having the expandable materia. 14 to the frame or ral 16, additional 
structural reinforcement Is imparted to the targeted portton of the frame or rail 16 where the 
member 12 is attached. 

The Present invention serves to place this targeted reinforcement in selected areas of a frame or 
ran 16 and provides the capability to absorb, direct, or manage impact energy typically 
encountered during an impact event from an external source or body, such as that typically 
encountered during a frontaVoffset impact or colliaioa It is contemplated that the rnembe7l2 
and toe expandabte material 14, after expansion, create a composite structure whereby toe 
overal system 10 strength and stiffness are greater than toe sum of toe Individual components 
in the event of an impact to the exterior of toe vehiote, toe impact energy « managed by either" 
energy absomtorvdissipatlon 0 r targeted direction of toe energy to specific area, of the vehicle 
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anchor the pfomik, of memtan, , 2 to dtaa «J J *" *"* " *" 16 
P'fftree 2-6, the system 10 of the praMnTimenlfafT^ 'hdueftfl atdal coDapae. As shown in 
cormsponding to th. size, shop.. snd fe „„ * cawfc^^ ZLT ^* e * 
-Mb q»% of the p^ « or 

« - - notoh* ho* 02X^^.1™"" 

P*«on of ths memb«. In som. ca«M Bv, w ™ " ^ 01 "* lrt,rtOT 

_. . " "W™ a"nay slrapfy ooimW of a seaman* 4Ka 
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member 12 and the material 14 is best achieved when the material is i* , 
such aa those offered under product designation. • ™ * ^ materiate 



-«-™nnm or me frame or rag 16 throuoh the «~ rv " seml ^ucturaJ 

were achfev^ whence ^7^^^ ^ 1 * 
under product designate L^IOO, L-4200, J^T^T? " "~ 
by UL Products, Inc. of Roman. M^„„ ' L 21 °°' ^ L-2106, and L-2108 sold 



by LAL Products, Inc. of Romeo. Michigan. 
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technlquea, wherein the material 14 b heated T* Ut" C ° mm ° n ' y known ^anufecturing 
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members 12 and may further comprise step change in the geometry of the wall thickness of the 
interlocking members 12. 

The energy management enhancement system 10 disclosed in the present invention may be 
used in a variety of applications where reinforcement is desired to transfer, direct, and/or absorb 
impact energy that may be applied to structural members of an automotive vehicle through an 
external source or collision to the vehicle. As shown in Figure 9 in a pre-impact state, the 
system 10 may be used to control and direct energy management in frontal impact testing of 
automotive vehicles through targeted bending, bucking, and collapsing of the system in a 
progressive manner while stll providing some reinforcement stability in the bending process 
resulting in the system shown in a post-impact state in Figure 10. Namely, as shown in Figures 
9 and 10. axial collapse may be created by opposing or dual bending modes through the use of 
a plurality of triggers 20. The system 10 has particular application in automotive frame or ral 
applications where the overall weight of the structure being reinforced is a critical factor and 
there is a need for reinforcement and/or inhibition of deformation and distortion resulting from an 
impact to the vehicle. For instance, the system 10 may be used to reduce or Inhibit structural 
distortion of portions of automotive vehicles, aircraft, marine vehicles, building structures or 
other similar objects that may be subject to an impact or other applied structural force through 
either natural or man-made means. In the embodiment disclosed, the system 10 is used as part 
of an automobile frame or ral assembly to inhibit distortion of selected areas of an automobile 
through the transfer and/or absorption of applied energy, and may also be utBzed in conjunction 
with rockers, cross-members, chassis engine cradles, roof systems, roof bows, lift gates, roof 
headers, roof rails, fender assemblies, pillar assemblies, radiator/rad supports, bumpers, body 
panels such as hoods, trunks, hatches, cargo doors, front end structures, and door impact bare 
in automotive vehicles as well as other portions of an automotive vehicle which may be adjacent 
to the exterior of the vehicle. The skilled artisan win appreciate that the system may be 
employed in combination with or as a component of a conventional sound blocking baffle, or a 
vehicle structural reinforcement system, such as is disclosed in commonly owned co-pending 
U.S. Application Serial Nos. 09/524.961 or 09/502.686. hereby incorporated by reference. 

Figure 1 1 shows the U shaped metal reinforcing core 21 to which strips of structural foam 22. 23 
and 24 are attached to the exterior walls by the push pins 25. Also provided are push pine 26 
which can be used to attach the reinforcing member to the internal surface of the channel to be 
reinforced. 

Figure 12 shows the part illustrated in F*ure 11 located in the lower piece of the front 
longitudinal section 27. When the upper piece of the front longitudinal section is provided and 
welded to the section 27. the pin 26 win attach the reinforcement to the upper piece whilst 
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° ,WfBy mana9emom enhancement system for reducing and hhfciting distortion 
characteristics of an automotive vehide in the event of impact from an external force 
comprising: ' 

a) at (east one member having an interior and an exterior portion adapted for 
placement in a cavity disposed in an automotive frame assembly: and at least 
one trigger adapted for placement along said interior portion of said member; and 

b) an expandable material disposed over at least a oortion of M w 



' * OKUm 1 • wnerem saw member comprises a plurality of triggers 

suitable for directing impact energy from an external force. 

The system as claimed m Claim 1 or Claim 2, wherein said member comprises a plurality 
of triggers suitable for absorbing impact energy from an external force. 

The system as claimed in any of the preceding Claims, wherein said automotive frame 
assembly comprises a plurality of triggers suitable for directing impact energy from an 
external force. 

The system as claimed in any of the preceding Claims, wherein said automotive frame 
assembly comprises a plurality of triggers suitable for absorbing energy from an external 
force. 

The system as claimed in any of the preceding Claims, wherein said member is adapted 
for reinforcing portions of an automotive vehicle selected from the group consisting of a 
rail member, a frame member, a door assembly, a rocker, and a frame cross member. 

The system as claimed in any of Claims 1 to 5, wherein said member is adapted for 
re«nforang portions of an automotive vehicle selected from the group consisting of a 
vehicle window frame, a vehicle deck lid, a lift gate, a vehicle pillar assembly and a 
vehicle hatch. 

The system as claim* lg V*<*.Q^i *K#m* 9 Ww«to* *^for 
reinforcing portfone of an automotive vehicle selected from the group consisting of a 
vehicle roof system, a roof bow, a roof rail, and a roof header. 
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9. The system as claimed in any of Claims 1 to 5, wherein said member is adapted for 
reducing impact energy deformation of portions of an automotive vehicle selected from 
the group consisting of a fender assembly, a bumper, and a front end structure. 

10. The system as claimed in any of the preceding Claims, wherein said member is 
comprised of a material selected from the group consisting of extruded aluminum, an 
aluminum foam, a low density solid filler, a magnesium alloy, a molded magnesium alloy, 
a magnesium foam, a titanium alloy, a molded titanium alloy, and a titanium foam. 

11. The system as claimed in any of the preceding Claims, wherein said member is 
comprised of a material selected from the group consisting of a stamped and formed 
cold rolled steel, a stamped and formed high strength low alloy steel, a roil formed cold 
rolled steel, and a rofl formed high strength low alloy steel 

12. A member for use in a system for managing the absorption and distribution of impact 
energy In response to an external toad, comprising: 

a) a first portion suitable for placement within a defined portion of an automotive 
vehicle; and 

b) a second portion contiguous with said first portion, said second portion having a 
surface adapted for carrying an expandable material, which upon expansion 
helps absorb and distribute impact energy over said surface in response to said 
load. 

13. The member as claimed in Claim 12, further comprising a third portion contiguous with 
one of said first and second portions, said third portion having a plurality of triggers 
suitable for directing impact energy from an external force. 



14. The member as claimed in Claim 12 or Claim 13, further comprising a third portion 
contiguous with one of said first and second portions, said third portion having a plurality 
of triggers suitable for absorbing impact energy from an external force. 

15. The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
reinforcing portions of an automotive vehicle selected from the group consisting of a rail 
member, a frame member, a door assembly, a rocker, and a frame cross member. 

16. The member as claimed In any of Claims 12 to 1 4, wherein said member ia adapted for 
reinforcing portions of an automotive vehicle selected from the group consisting of a 
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vehicle window frame, a vehicle deck lid, a lift gate, a vehicle pillar assembly, and a 
vehicle hatch. 

17. The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
5 reinforcing portions of an automotive vehicle selected from the group consisting of a 

vehicle roof system, a roof bow, a roof ral, and a roof header. 

18. The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
reducing impact energy deformation of portions of an automotive vehicle selected from 

10 the group consisting of a fender assembly, a bumper, and a front end structure. 

19. The member as claimed in any of Claims 12 to 18, wherein said member is comprised of 
a material selected from the group consisting of extruded aluminum, an aluminum foam, 
a tow density solid filler, a magnesium alloy, a molded magnesium alloy, a magnesium 

15 loam, a titanium alloy, a molded titanium alloy, and a titanium foam. 

20. The member as claimed in any of Claims 12 to 18, wherein said member is comprised of 
a material selected from the group consisting of a stamped and formed cold rolled steel, 
a stamped and formed high strength low alloy steel, a roll formed cold rolled steel, and a 

20 roO formed high strength low alloy steel. 

21 . The member as claimed in any of Claims 12 to 20, wherein said expandable material is a 
polymeric material having foamable characteristics. 



25 22. 



The member as claimed in any of Claims 12 to 21, wherein said expandable material is 
an epoxy-based polymeric material having foamable characteristics. 



23. The member as claimed in any of Claims 12 to 22. wherein said expandable material is a 
heat activated expandable polymer material. 

30 

24. The member as claimed in any of Claims 12 to 23, wherein said expandable material is 
an expandable plastic material that is generally free of lack to the touch. 

29. .The member as claimed In any of Claims 12 to 24, whereto said expendable material is 
35 30 expandable plastic material that can be activated at a temperature encountered In an 

automotive vehicle paint operation. 

26. An impact distortion reduction system, comprising: 
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* *; a) 



) 



« frame mil suitable for use aa a structural member In an automotive vehicle, said 
frame rail having an exposed surface portion; 

b) at least one member rnountingly engaged to 'said exposed surface portion of said 
frame ral; and 



c) 



maienai for managing impact energy disposed 
portion of said member. 



27. The system as claimed in Claim 26, wherein said expandable materia, is an ethylene 
polymer-based polymer foam. «nyiene 

28. The system as claimed in Claim 26 or Oaim 27, wherein said expandable material ie a 
heat activated expandable polymer foam. 

29. The *y s ' sm M claimed in any of QaJma 26 to Claim 28, wherein aald expandable 
^^^"^ *f etvandeble polymer foani that to generally free of tack to the touch. 

M ' ^ ^'"n a. ctolmed In .ny of Claim, 26 to Claim 29. wherein aatd expanded 
materte, to an expandable ethytene-baaed foam that c«, be acavated a, a tectum 
enoounteted to an automotive vehicle paint operation. 

31 ' Hr!"" M claimed in any of Claims 26 to Ctolm 30. wherein a*d SX)Mnaabte 
material to a heat activated Ihermcplaeac foamable materiel 

32 T*" " h -» - <*•"■ a » Ctotot 31. where*! „u, exp^ctobf. 

mator^toanexpendabtoaa^ba^to^^^^^^^^^^^ 



33. 



An energy management enhancement device for an automotive vehicle, comprising- 

a) a frame rail suitable for placement within portions of an automotive vehicle having 
an inner portion and an outer portion defining a cavity therein; and 

b) at least one member placed within said frame member and disposed within said 
cavrty, said member having an expandable materiai in sealing contact with said 
member, 



expandable material suitable for expansion upon exposure to heat 
thereby bonding said member to at least one of said inner portion and said outer 
portion of said frame rail. 

c) , said at lea,! on. M . mm composing a pfcralty d> triggers tor managing '** 
.mpact energy applied to the automotive vehicte from an externa/ force. 
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34. 



A structural reinforcing member comprisjjto cor. to which is attached on a part of it. 
surface one or more pieces of stru^tamm the reinforcing member being provided 
with means for attachment to the member to be reinforced wherein the means for 
attachment is such that, prior to foaming, a space is provided between the core the 
5 structural foam and the internal surface of the member to be reinforced and thai the 

foaming process enables the structural foam to expand across the space and bond the 
core to the internal surface of the member to be reinforced, whilst leaving channels 
between the core and the structural member. 

10 35. A structural reinforcing member according to Claim 34 in which the structural foam 
covers from 20% to 45% of the surface of the core. 

36. A structural member according to Claim 34 or Claim 35 used for reinforcing the front 
longitudinal section of an automobile, 

15 
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